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Introduction

In the plenary RAN#86 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to multi-beam operations [1]:
· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1:
i) Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states
(1) Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
(2) Unified TCI framework for DL and UL beam indication
(3) Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
ii) Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection

This contribution discusses various issues related to multi-beam operations, pertaining in particular to FR2.
Unified TCI framework

The following agreements were made in RAN1#104-e with regards to this topic [2].
Conclusion
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).
For M>1:
· DL TCI: Each of the M source reference signals (or 2M, if qcl_Type2 is configured in addition to qcl_Type1) in the M DL TCIs provides QCL information at least for one of the M beam pair links for UE-dedicated receptions on PDSCH and/or subset of CORESETs in a CC
For N>1:
· UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining UL TX spatial filter at least for one of the N beam pair links associated with dynamic-grant(s)/configured-grant(s) based PUSCH, and/or subset of dedicated PUCCH resources in a CC
For M>1 and/or N>1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  
· Separate DL/UL TCI: The M DL TCIs and N UL TCIs are distinct (therefore, separate).
Note: Other TCI types/terms such as “common TCI” are not used.

Agreement
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types 

Agreement
On Rel.17 unified TCI framework, the following source RS types for UL TX spatial filter are supported:
· CSI-RS for tracking
· Note: SRS for BM, SSB, and CSI-RS for BM have been agreed in RAN1#102-e
· FFS (to be decided by RAN1#104bis-e): non-BM CSI-RS other than for tracking, non-BM SRS

Agreement
On Rel.17 unified TCI framework:
· For joint and separate DL/UL TCI, DL large scale QCL properties are inferred from one (qcl-Type1) or two RSs (qcl-Type1 and qcl-Type2) analogous to Rel.15/16
· For joint DL/UL TCI, UL spatial filter is derived from the RS of DL QCL Type D 

Agreement
On Rel.17 unified TCI framework, by RAN1#104bis-e, down select or modify at least one from the following alternatives:
· Alt1. A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI 
· Details on dynamic indication are FFS
· FFS: UE capability for the support of joint DL/UL TCI and/or separate DL/UL TCI
· Alt2A. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via RRC signaling
· Alt2B. A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling
· Alt3. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling
· Details on how this is signaled in relation to TCI activation are FFS

Agreement
On Rel.17 unified TCI framework, decide by RAN1#104bis-e:
· Whether DL or, if applicable, joint TCI also applies to the following signals. If not, FFS any other enhancement over Rel.15/16:
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· Whether UL or, if applicable, joint TCI also applies to the following signals
· Some SRS resources or resource sets for BM

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework: 
· The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS
·  Select or modify from one of the following alternatives by RAN1#104bis-e for PUCCH, PUSCH, and SRS separately:
· Alt1. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
· Alt2. The setting of (P0, alpha, closed loop index) is included with UL or (if applicable) joint TCI state
· Alt3. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
· Alt4. The setting of (P0, alpha, closed loop index) is determined as in Rel-16 without enhancement

In this section, various issues regarding the unified TCI framework are discussed.
Pool of TCI states for separate UL and DL TCI state update

It is agreed that the joint TCI indication for UL and DL shall use a single pool of TCIs for UL and DL for indication purposes. For the case of separate indication, the formation of the pools is not yet decided. There are two options for the separate indication of the TCI states for UL and DL: either use the same joint pool of UL and DL TCI states used for joint indication, or use separate pools of TCI states for UL and DL. The reusing of the TCI state pool seems to be a relatively cumbersome approach since the set of RSs used for UL Tx source and DL Rx source differs, and the specification effort in our opinion to tailor the joint TCI state pool for both UL and DL is higher than having a separate pool of TCI states for UL and DL.

Proposal 1: For separate beam indication for UL and DL, a separate TCI state pool for DL and UL is used.
Inclusion of UL parameters

Inclusion of pathloss reference RS in the unified TCI framework

Pathloss reference RS in FR2 is many times the same RS as the one used for spatial relation. Power imbalance may occur in many cases when the spatial relation is not matched with the same DL RS used as pathloss reference, and hence using the TCI framework to indicate both spatial relation and pathloss reference RS in FR2 helps in aligning them. The pathloss reference RS may be included in the TCI state configuration itself – as part of the TCI state definition.

Proposal 2: Pathloss reference may be included in the TCI framework along with spatial relation as part of the TCI state configuration.

Pathloss reference RS from UL RSs

The inclusion of pathloss reference RS in the TCI framework may also be facilitated along with the derivation of pathloss reference from UL RSs in a given TCI state. For example, if an UL transmission is provided with a TCI state that contains or is associated with an UL RS that is provided as a spatial source, the DL RS used as pathloss reference RS for the UL RS may be used as a pathloss reference for the UL transmission indicated with the TCI state. This feature would improve the TCI framework in two ways: the spatial source and the pathloss reference for an UL transmission could be indicated with just one UL RS instead of a UL RS and a DL RS in the TCI state, thus reducing the control information overhead, and also facilitate the indirect indication of the PL RS via an UL RS, thereby providing flexibility in the TCI state indication.

Proposal 3: Enable the use of a pathloss reference RS of an UL RS in the TCI state or associated with the TCI state as the pathloss reference RS of an UL transmission indicated with the TCI state.

Indication of power control parameter via the UL TCI framework

Power control parameters such as p0, alpha and closed loop power control index are different for various UL channels and hence they may be kept separate from the UL TCI framework or the TCI state definition. They may be associated with a TCI state during the TCI-state signalling to the UE, but they may not be included in the TCI state definition or as part of the TCI framework.

[bookmark: _GoBack]Proposal 4: The power control parameters may be kept separate from the TCI state definition and out of the UL TCI framework. 
Use of beam-management SRS as source RS for spatial reference in the DL

The use of SRS for beam management (BM), or BM-SRS as a QCL-typeD source RS for DL reception was proposed by various companies. The proposal is concerning to us for the following reasons:
· In our understanding, SRS for BM is commonly used for uplink sounding when there is no beam correspondence. Therefore, using an uplink sounding RS as a downlink reception source when there is no beam correspondence may result in beam mismatches.
· Moreover, the support of SRS for BM depends on the UE’s capability. UEs supporting beam correspondence without uplink beam sweeping may not support SRS for BM, and hence it does not apply to such UEs.
· Some companies suggested that the DL RS used as a source for BM-SRS can be used as spatial relation source for DL reception. The issue with this proposal is that BM-SRS may not always be assigned with a spatial relation, and it does not have any default spatial relation as well – it is left out of the default spatial relation assumptions in Rel-16. Hence, this proposal is not fully applicable to BM SRS. Moreover, the BM SRS is used for the UE to sound the uplink channel by itself to determine a suitable UL beam in cases where the UE does not have beam correspondence. If a source DL RS (spatial relation) for SRS for BM is mandated, it defeats the purpose of BM-SRS as a sweeping signal for UL beam alignment and hence it shall be avoided. 
· If providing a reference to a DL RS for DL reception is the objective, then it is done with lower signalling overhead by directly providing the DL RS as a reference instead of the indirect reference via BM-SRS. The indirect reference via an UL RS (BM-SRS) would involve two signalling steps: providing the intended DL RS as the spatial source for the BM-SRS, and then providing the BM-SRS as the spatial source for DL reception. Both the steps involve explicit signalling to the UE as the BM-SRS has no default spatial relation or default pathloss reference RS. Providing a direct reference to the DL RS for DL reception instead of an indirect reference via an UL RS would be universal to all UEs as it is not conditional on the support of BM-SRS by the UE. Specification effort to go in a round-about manner for the indirect DL RS reference via BM-SRS and mandating BM-SRS to have a DL RS as spatial source for the indirect reference would be counter-productive.
Proposal 5: SRS for beam management is not used as a spatial reference for DL reception at the UE, i.e., SRS for BM is not used as a source RS for QCL-typeD.
Extension to M-TRP

Extending the joint TCI framework to M-TRP scenarios is vital to support FR2 scenarios. M-TRP extensions for beam management, though studied in the multi-beam for M-TRP agenda, may not be suited for the M-TRP extensions of the joint TCI framework. As the discussions on joint TCI are conducted in this agenda item, the M-TRP extensions of the unified TCI framework may be conducted in this agenda item.

Proposal 6: The discussions on M-TRP extension of the joint TCI framework are included in this agenda item.
Panel-specific UL transmission

On the topic of panel-specific UL transmission or fast-panel selection, the following agreements were made in RAN1#104-e:
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS : Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel
· UE reporting to facilitate UL panel selection
· UE reporting, e.g. panel-specific report, including UE -panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states
· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, decide in RAN1#104bis-e whether to support at least one the following (not necessarily, but can be, in one reporting instance):
· {Rel.16 P-MPR based (beam/panel-level)} + {A}, where A is either Opt1A, Opt1B, Opt1C, or Opt1D:
· Option 1A: Virtual PHR or a modified version associated with each activated UL TCI or, if applicable, joint TCI
· Option 1B: {SSBRI(s)/CRI(s) and/or panel indication}
· Option 1C: {SSBRI(s)/CRI(s) and/or panel indication} + virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 1D: No additional reporting quantity
· {SSBRI(s)/CRI(s) and/or panel indication} + {A}, where A is either Opt2A, Opt2B, Opt2A+ Opt2B, or Option 2C
· Option 2A: L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· Option 2B: Virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 2C: No additional reporting quantity

Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection, for discussion purpose, a panel entity corresponds to one or more RS resources:
· For CSI/beam reporting, the RS resource is an RS associated with measurement and/or reporting
· For beam indication, the RS resource is a source RS for UL TX spatial filter information
· Note: For one RS resource, the corresponding panel entity may vary and is controlled by the UE, and whether/how to maintain a common understanding between gNB and UE can be further discussed/decided
· Note: The above does not preclude possibility that an RS resource can be mapped to multiple panels
· Note: The one or more RS resources may correspond to one or more RS resource set(s) depending on further discussion/decision
· Note: Specification should not be designed in such a way that the UE is required to disclose its antenna implementation

Port indication in the new TCI framework
Extension of the new TCI framework for the purpose of UE panel/port selection and switching offers a big challenge. Using the TCI framework to enable panel-specific UL transmissions seems to be a disadvantage. Say, an explicit panel identifier or indicator is used along with a TCI reference for the transmission of an UL signal. The TCI reference may also comprise DL/UL reference signals. The combined usage of a panel indicator with a TCI containing a DL RS reference for an UL channel or RS in this case may mean that the UE shall use the beam for reception of the given DL RS with the given panel for the transmission of the UL channel or RS. In a way, a TCI reference indicates both a DL reception and an UL transmission setting. However, using an SRS as a reference in a TCI may implicitly indicate the panel to be used for an indicated TCI based on the panel associated with the reference SRS in the TCI. Hence, for uniformity of application of the TCI framework, we propose the following: 

Proposal 7: UE panel/port indication or selection may be kept separate from the TCI framework to avoid complicating the framework.

Proposal 8: The UE panel/port indication or selection may be performed by other methods such as 
· association of specific indices or indicators with UL RSs or channel(s) to indicate UE panel(s), or 
· autonomous selection by the UE in the case a DL RS is chosen as a reference for Tx beam selection.

Specification support for panel-specific UL transmission

Panel selection or activation in Rel. 15/16 may be performed implicitly for the UL via UL scheduling – the UE may either autonomously select or activate a UE panel in certain scenarios or the gNB may implicitly indicate an UL panel via the indication of the antenna ports for the UL transmission. Panel selection and activation in the UL or DL was therefore kept transparent to the specifications in Rel. 15/16. The possible scenarios where UE-initiated panel selection or activation may require specification support is as follows:
· the reporting of the panel selection or activation information for the DL reception or UL transmission by the UE to the gNB,
· in case of the indication of the ports to be used for an uplink transmission by the network, autonomous choice of ports or overriding of the network’s choice of ports by the UE.
Considering the above possible scenarios for specifying UE-initiated panel activation/selection, the network- or gNB-aided selection or activation of UE panel is discussed below.

A gNB-aided panel selection may happen in an UL transmission due to port or spatial relation association with an RS:
· SRS sounding: When an SRS is triggered by the gNB for sounding, the association of the SRS with a certain panel at the UE (which may be left to UE implementation) may imply that the UE has to switch from an active panel to an inactive panel.
· PUCCH transmission: When a PUCCH with a specific spatial relation is supposed to be transmitted, the given spatial relation may be associated with an SRS resource, whose ports correspond to an inactive panel or the spatial relation may be associated with a DL RS, wherein the DL RS was received previously in a currently inactive panel. 
Hence, the following aspects can be understood regarding panel activation/selection:
· Panel selection or activation with respect to DL receptions at the UE may be completely UE-controlled, wherein the UE autonomously decides about the panel activation and selection.
· Panel selection or activation with respect to UL transmissions at the UE are partly controlled by the gNB and partly left to the UE:
· SRS or any channel/signal that is associated with an SRS for spatial relation, the port association of the SRS automatically determines the panel.
· For any UL channel/signal that is associated with a DL RS for spatial relation, the UE has a specific panel associated with respect to DL reception. Therefore, gNB has no control over the panel selection in that case. To explicitly allow network-controlled panel selection in this case, specification changes are required. At least the following changes may be required in the specifications to enable gNB-controlled panel selection at the UL:
· gNB’s knowledge of panel activation or selection status at the UE (with or without any connection to specific DL RSs) 
· Signaling of selected panel and/or activation from the gNB
· Alignment of UE behaviour for panel selection with respect to gNB signalling
From the above discussions, considering the specification efforts and efficiency of panel selection conditions, the following proposals are made:

Proposal 9: To facilitate UE-initiated panel selection or activation, UE reporting can be used.
Proposal 10: For network-controlled UE panel activation or selection the following aspects shall be agreed:
· The implicit panel selection by the gNB due to scheduling of UL transmissions via UL RS references or port indications shall be retained.
· For scheduling of UL transmissions via DL RS references UE-initiated panel selection shall be performed.

For sharing panel information with the gNB, the association of a UE panel with a certain parameter or RS or RS set shall be performed. In RAN1#104-e, the association of a panel with an RS or RS set has been agreed. With the SRS used in port-selection and indication already, the reuse of the SRS for association with a UE panel or a set of ports, is a straightforward solution.

Proposal 11: Associate UE panels with SRS resource(s) or SRS resource set(s) for panel-specific UL transmissions.
Conclusion

Proposal 1: For the purpose of separate beam indication for UL and DL, a separate TCI pool for DL and UL shall be used.

Proposal 2: Pathloss reference may be included in the TCI framework along with spatial relation as part of the TCI state configuration.

Proposal 3: Enable the use of a pathloss reference RS of an UL RS in the TCI state or associated with the TCI state as the pathloss reference RS of an UL transmission indicated with the TCI state.

Proposal 4: The power control parameters may be kept separate from the TCI state definition and out of the UL TCI framework. 
Proposal 5: SRS for beam management is not used as a spatial source for DL reception at the UE, i.e., SRS for BM is not used as QCL-typeD reference.

Proposal 6: The discussions on M-TRP extension of the joint TCI framework may also be included in this agenda item.
Proposal 7: UE panel/port indication or selection may be kept separate from the TCI framework to avoid complicating the framework.

Proposal 8: The UE panel/port indication or selection may be performed by other methods such as 
· association of specific indices or indicators with UL RSs or channel(s) to indicate UE panel(s), or 
· autonomous selection by the UE in the case a DL RS is chosen as a reference for Tx beam selection.

Proposal 9: To facilitate UE-initiated panel selection or activation, UE reporting shall be used.
Proposal 10: For network-controlled UE panel activation or selection the following aspects shall be agreed:
· The implicit panel selection by the gNB due to scheduling of UL transmissions via UL RS references or port indications shall be retained.
· For scheduling of UL transmissions via DL RS references UE-initiated panel selection shall be performed.
Proposal 11: Associate UE panels with SRS resource(s) or SRS resource set(s) for panel-specific UL transmissions.
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